Introduction
Cryptorchidism is one of the most common congenital abnormalities, affecting 1-5% of men. The histological changes in undescended testis occur up to the age of two. Sperm production depends on the balance between spermatogenesis and apoptosis. Spermatogonia divide 9-11 times and spermatocytes divide twice, thus they constitute a great number of germ cells. Excess germ cells die. Apoptosis or programmed cell death is a physiologic process characterized by morphological and biochemical processes. Loss of the germ cells may also occur under pathological conditions such as deficiency of pituitary hormones or androgens. 1 Elevated temperature in undescended testis is another cause of germ cell loss. 2 Heatinduced apoptosis is reported to involve both the mito-
The aim was to determine the expression of Bax in germ cells of rats with unilateral experimental cryptorchidism, and to evaluate the role of apoptosis in germ cell loss. Twenty-one prepubertal rats were randomly subdivided into three groups after the execution of the left cryptorchidism model. Group 1 (n=8), group 2 (n=6) and group 3 (n=7) rats were killed at the end of the first, second and third month, respectively. Key words: Bax, spermatogonia, spermatocyte, undescended testis chondria-and endoplasmic reticulum-dependent pathways of apoptosis. 3 Apoptosis in heat-sensitive germ cells starts with redistribution of Bax from the cytoplasm to the paranuclear area. Initiation of apoptosis is preceded by a redistribution of Bax from a cytoplasmic to paranuclear localization in heat-susceptible germ cells. Such relocation of Bax is further accompanied by sequestration of mitochondria and endoplasmic reticulum (ER) into paranuclear areas, cytosolic translocation of cytochrome c, and is associated with activation of the initiator caspase 9 and the executioner caspases 3, 6, and 7, and cleavage of PARP. 4 The redistribution of Bax may trigger apoptosis in germ cells. 5 In contrast to these reports, some other studies did not find any difference in the redistribution of Bax. 6 Cryptorchidism has proved to cause apoptosis in germ cells. 2 Zini et al 7 showed in their experimental study that cryptorchidism results in apoptosis, and orchidopexy reduces the level of apoptosis in undescended testis.
Bax is a pro-apoptotic member of Bcl-2 family, which is necessary for spermatogenesis. In mature animals, deletion of functional Bax results in bulky accumulation of premeiotic germ cells where mature sperm and spermatocytes are almost absent. 8 Since the mechanism of infertility in cryptorchidism is not known, in this study we intended to evaluate the effect of pro-apoptotic mechanism in germ cell loss through Bax expression, and to determine whether this effect changes in a time-dependent fashion.
Methods

Experimental animals and model
This study was approved by the local ethics committee. Three-week-old male Sprague-Dawley rats were obtained from the Veterinary Faculty of Adnan Menderes University. Through an inguinoscrotal approach, experimental left cryptorchidism model was constructed as previously described. In brief, before the testis completed its descent, inguinal canal was found and closed where scrotum would develop. 9 Xylazine hydrochloride (2 mg/kg; Rompun, Bayer, Germany) and ketamine hydrochloride (10 mg/kg; Ketalar, Parke Davis, Eczacibași, Turkey) were given intraperitoneally. Food and water were supplied ad libitum. Group 1 (n=8), group 2 (n=6) and group 3 (n=7) rats were killed at the first, second, and third months, respectively. Both testes were weighed and then fixed in 10% neutral formaldehyde.
Immunohistochemical examination
Testes were dissected in a plane perpendicular to the interpolar axis, yielding slices of 1 mm width. Tissue slices were embedded in paraffin. Paraffin-embedded sections (4-µm-thick) were deparaffinized in xylene, rehydrated in alcohol series and immersed in distilled water. The sections were then heated in citrate buffer (10 mmol/L, pH 6.0) for 15 minutes for antigen retrieval. Endogenous peroxidase activity was blocked using a 0.3% solution of hydrogen peroxide in phosphate buffered saline at room temperature for 10 minutes. Primary antibody against Bax (rabbit polyclonal; Santa Cruz Biotechnology, Santa Cruz, CA) was applied for 60 minutes at room temperature, followed by washing in TRIS buffer. Secondary antibody and streptavidin peroxidase complex were added consecutively for ten minutes each at room temperature and washed in TRIS buffer. Peroxidase activity was visualized with 0.03% 3,3-diaminobenzidine tetrahydrochloride. Sections were then washed in deionized water, counterstained with Mayer's hematoxylin and mounted. In the evaluation of Bax immunostaining, tonsil tissue was used as control.
All immunostained slides were analyzed by one pathologist in a blinded fashion without knowledge of the data. Kruskal-Wallis, Wilcoxon and Mann-Whitney U tests were used for statistical analysis.
Results
The left testicles were lighter than the right ones ( Table  1 ). The differences between left and right testes in groups 1 and 3 were significant (p<0.05).
Cytoplasmic immunostaining of Bax was seen in spermatogonia and spermatocytes, while there was no Bax expression in Sertoli cells (Figures 1,2) .
Percentages of germ cells with Bax expression in both spermatocytes and spermatogonia of the left testis were high in the first month (group 1; 2.7±1.9% and 0.8±0.2%), while they decreased in the second (group 2; 0.6±0.3% and 0.3±0.2%) and third month (group 3; 0.5±0.3% and 0.1±0.1%). These differences were statistically significant (p<0.05), and group 1 values caused the difference. The same evaluation for the right testicles did not reveal any statistically significant difference. With respect to Bax expression percentage in group 1, significantly more cells stained in the left testis than in the right one, at the level of both spermatogonia and spermatocytes (p<0.05). In groups 2 and 171 Bax Expression in Cryptorchid Testis Vol 11, No 3, 2005 Figure 1 . Cytoplasmic Bax immunoreactivity at the spermatogonia level in group 1 (x400) 3, this was observed only in spermatocytes (p<0.05), but not in spermatogonia ( Table 2 ). In cryptorchid testes of all groups, the immunoreactivity at the spermatocyte level was strong (++). In spermatogonia and Sertoli cells, immunoreaction was weak (+), and it was similar among the groups and between the left and right testes in the same group.
Discussion
Cryptorchidism is a common disorder affecting 2-5.8% of newborns and 0.8% of infants. 10 Germ cells undergo apoptosis, the programmed cell death, as shown by morphologic signs and characteristic DNA fragmentation. Apoptosis occurs spontaneously or as a response to changes at the stimulating levels of specific physiologic events.
11,12
The affected testis in experimental unilateral cryptorchidism has been shown to decrease in weight. 2 In the study of Tomomasa et al 13 on TS inbred rats (congenitally cryptorchid rat), 70% of which have cryptorchidism at birth, the weight of the affected testis was decreased significantly at the 4 th , 6 th and 8 th weeks, and spermatogenesis was decreased as well. In their experimental study, Ogi et al 14 showed that testicular weight was decreased to 23% and 31% on the 4 th and 7 th days, respectively. In the present experimental study, both testes were found to continue growing where the weight of the left testis was less than that of the right one.
Wang et al 15 showed in their experimental unilateral cryptorchidism model that apoptosis increased significantly in the ipsilateral testis. This increase was time dependent. The mostly affected germ cells were spermatocytes. Compared to the normal testis, apoptosis in the contralateral testis was also higher. This was suggested as an explanation for infertility in unilateral cryptorchidism. Tomomasa et al 13 also found apoptosis to be prominent particularly in spermatocytes.
While apoptosis in bilateral cryptorchidism may be influenced by changes in systemic factors, unilateral cases are more likely to be affected by local testicular factors. An increase in DNA fragmentation, more prominent in primary spermatocytes, was reported. 7 Bcl-2 family members are regulators for apoptosis where Bax promotes cell death. Bax is encountered in Sertoli cells, spermatocytes and spermatogonia. Immunohistochemically, Bax was found to be present in the cytoplasm of Sertoli cells, spermatogonia and spermatocytes, where it was more significant in the final two cell types. The high levels of Bax and Bad in spermatogonia and spermatocytes showed that these cells are more susceptible to apoptosis compared to Sertoli cells. 16 In the study of Xu et al, 17 germ cell degeneration induced by cryptorchidism was found to be regulated by apoptosis and dependent on increased testicular temperature. Bcl-2 and Bax proteins were suggested to play a critical role in the apoptosis of male germ cells. In the present study, while the percentage of Bax expression was rising in spermatogonia and spermatocytes over the first month, for the following months it was mainly seen in spermatocytes. This showed that at the first month spermatocyte and spermatogonia, while during the following months spermatocytes were more prone to apoptosis.
In a study using TUNEL method, the damage in spermatogenesis was tracked down to the 4 th week. Apoptosis was prominent in spermatocytes, and at the 6 th week. 13 In another study, seminiferous tubules containing apoptotic cells were more intensive in undescended testes.
14 In their experimental cryptorchidism study on adult mice, Ito et al 18 In a clinical study on patients with cryptorchidism, Heiskanen et al 1 identified spermatogonia as the main apoptotic cell type in the seminiferous tubules. Apoptosis was shown only in a few Sertoli cells. Apoptosis was more prominent in the normally descended scrotal testis. As an explanation for the decreased number of apoptosis in undescended testis, they suggested the already diminished number of germ cells subjected to apoptosis. Cryptorchidism is a chronic condition starting at birth; thus, such a non-physiologic circumstance may be another explanation for the decreased apoptosis in the affected testis. On the other hand, in experimental cryptorchidism, the affected testis underwent a normal postnatal period, and the acute establishment of the model resulted in the more prominent apoptosis. We observed that in the ipsilateral testis the number of germ cells with Bax expression decreased in a time-dependent fashion. This was in accordance with Heiskanen's explanation; decreasing number of germ cells was subjected to apoptosis in the course of time. Another experimental study by Barqawi et al 21 is also in accordance with our results. In this study, it was suggested that in prolonged cryptorchidism the decreased number of germ cells as a result of apoptosis might account for the defect in spermatogenesis.
In our previous study 22 we observed significant damage in the undescended testis compared to the contralateral one. The effect on the contralateral testis increased in two months. We considered apoptosis as the main mechanism in germ cell death, and it was found to be more significant in spermatocytes and spermatogonia. In the current study, Bax expression was present in both spermatogonia and spermatocytes in the first month, while in the following months this was the case mainly in spermatocytes. The results of this study are in accordance with those in our previous study. 22 In conclusion, in this study left testicular weights of rats were lower than the ones of the naive contralateral testes. In the affected testis, the number of germ cells expressing Bax, a pro-apoptotic factor, was diminished time-dependently. This can be explained with a lack of germ cells to be exposed to apoptosis, and this absence may be the result of initially increased apoptosis.
